The Distribution of Arginase in Human Hair Roots**From the Dermatology Section, General Medicine Branch, National Cancer Institute Bethesda, Maryland.  by Crounse, Robert G. & Rothberg, Simon
THE DISTRIBUTION OF ARGINASE IN HUMAN HAIR ROOTS*
ROBERT G. CROUNSE, M.D.t' § AND SIMON ROTHBERG, Pn.D.
Arginase, an enzyme which catalyses the
cleavage of arginine to ornithine and urea, is
widely distribnted in nature (1). It is present in
a variety of mammalian tissues including the
liver, kidney, testes, breast (1, 2), and some ani-
mal tumors (3). More recently the presence of
arginase in human epidermis has been demon-
strated independently by two laboratories (4, 5).
Furthermore, in the scales from the cutaneous
disorder psoriasis arginase activity is markedly
increased (6, 7).
Arginase in mammalian liver has been shown
to function as an integral part of the Krebs-
Henseleit cycle (5). The urea synthesized in this
cycle is the chief nitrogenous end product of
amino acid and protein metabolism in mammals.
The function of arginase in other tissues such as
kidney, testes, breast, animal tumors, epidermis
and psoriasis scale remains unknown. In none of
these tissues has the complete Krebs-Henselcit
cycle been shown to exist, although in some of
them arginine synthetase is also present, the two
enzyme systems constituting a partial cycle by
which the amino group of aspartic acid may he
incorporated into arginine, and thence to urea.
Attempts have been made to relate arginase
activity to cell growth in many tissues, both nor-
mal (9) and neoplastic (3). Recent studies of the
histological distribution of arginase activity in
mouse tumors tends to confirm, in this tissue, the
association of increased enzymatic activity with
rapidity of cellular growth (10). In the benign
skin disease psoriasis an increased rate of epi-
dermal proliferation and presumably protein
synthesis have been postulated. This hypothesis
is based upon indirect evidence, such as histologi-
cal acanthosis, increased epidermal mitoses (11),
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and increased oxygen consumption (12, 13), and
is further supported by the clinical observation
of the large amounts of scale shed by some such
patients, as well as the ameliorative effects of
anti-mitotic agents on the lesions of psoriasis
(14, 15).
The presence of arginase in normal human
epidermis, and the increased activity of the en-
zyme associated with the benign hyperplastie
epidermis of psoriasis, invite further investiga-
tions of arginase in epidermal tissues. The grow-
ing hair root is another rapidly proliferating
tissue of epidermal origin. Preliminary observa-
tions on pooled human hair roots obtained by
epilation indicated the apparent presence of
small amounts of arginase (16). These hair roots,
however, were cut from the hair shaft at the lower
level of the distal end of the external root sheath,
and therefore include not only that portion of
the root concerned with the production of the
hair shaft proper, but also the complete internal
and external root sheaths, as well as that part of
the presumably inert hair shaft included within
the limits of these sheaths. Since the hair bulb
and the root sheaths are epidermally derived,
yet apparently produce different proteins, and
since it is possible by mierodissection to separate
these various components of the hair root (17),
investigation of the distribution of arginase in
these different components was undertaken in
an attempt to relate more accurately localiza-
tion of the enzyme to specific types of epidermal
tissue.
MATERIAL AND METHOD5
Human scalp hairs were obtained by manual
epilation with specially prepared needle-holding
forceps and placed in water in a shallow Petri dish.
Dissection was performed under a low-power (dis-
secting) microscope with fine forceps, iris scissors,
and dissecting needles ground to a knife edge.
Growing hairs were utilized in all experiments
except for the specific instances which dealt with
resting hairs. Combined internal and external.joot
sheaths could be stripped readily from the bulbar
portion of the epilated hair (Fig. 1). Pure internal
sheath could be obtained from those hairs in which
the internal sheath extended all the way to the
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Fin. 1. Epilated (growing) scalp hair root with sheaths nearly detached
proximal end of the cpilated bulb, unaccompanied
by external sheath (Fig. 2). When resting hairs
were utilized, they were simply cut off near the
root and pooled. Approximately ooe hundred hair
roots were dissected for each experiment, and
divided into aliquots depending on the require-
ments of the particular procedure. All tissues were
desiccated over silica gel for one hour, during
which period they were observed to attain equi-
librium weights. Weights* of tissues utilized for
each individual reaction averaged as follows; bul-
bar portion and keratogenous zone, 200 ograms;
combined internal and external sheaths, 500
grams; separate internal sheaths, 125 jzgrams
resting hair roots, 138 pgrams.
Epidermis was separated from the corium and
subcutaneous tissue of fresh surgical specimens
of abdominal skin by the stretch method (18). The
epidermis was dried in the same manner as the hair
roots, and run in parallel for approximate com-
parison of the arginase activity to that found in
hair roots. The adequacy of the assay system thus
was assured by including epidermis (known to
contain arginase).
The incubation procedure represents a micro-
adaption of that previously utilized for epidermis
(5-1) in that the reaction volume was 3 of that
used in the earlier work (12.0 ml. reduced to 0.3
ml.). Only potential activity, representing maxi-
mal activation, was determined, since demonstra-
tion of the presence of the enzyme was all that was
desired. The tissue preparations were incubated
with 0.2 ml. of 0.05 M MnCI2 for two hours at 500 C.
for activation. Enzymatic hydrolysis was per-
formed by incubation with an excess of arginine
(0.05 ml. of a 1.7 M solution, pH 9.5) at 38° C. with
constant shaking. These reactions were ended by
the addition of 0.05 ml. of 1.2 N H2S04 aftcr 34, 1,
134, 2 nod 4 hours, and cooled to 0° C.
Several technics for measuring the products of
the reaction, ornithine and urea, were investi-
gated. High voltage electrophoresis (2000 v., one
hour, pH 3.7) of the reaction mixture resulted in
separation of the arginine and ornithine. However,
densitometric quantitation of the ornithine spots
by a modification of the method of Chinard (16)
proved unsuccessful. The large amounts of sub-
strate present apparently affected the spread of
the ornithine spot during the electrophoretic
separation, thus resulting in values proportional
to the size of the aliquot used rather than to the
actual quantity of ornithine present.
Conventional Warburg manometry, successfully
employed on larger samples of epidermis (5—7) re-
quires a minimum of 1.0 pmoles of CO2 gas (repre-
senting 1.0 pmole of urea) for accurate analysis.
* All tissues were weighed on a Cahn Electro-
balance, obtained from Harshaw Chemical Com-
pany, Philadelphia, Pennsylvania.
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Fin. 2. Epilated growing hair. A. Area from which pure internal sheath was obtained. B. Area from
which combined internal aod external sheath was obtained.
The weights of hair root tissue available, if they
were to contain arginase in amounts equivalent to
epidermis, would produce only 0.1—0.3 pmoles of
urea, and would, therefore, make measurement
impossible by standard manometry.
The microdiffusion methods of Conway (19) are
readily adaptible to the measurement of small
amounts of gases. 0.1 smoles of ammonia, repre-
senting 0.05 moles of urea, may be readily de-
tected.
For the present experiments 0.200 ml. aliquots
of the incubation mixtures were reacted in Conway
dishes* with freshly prepared 1.0% urease pH 5.0
for one hour at room temperature (22° C.). Am-
monia resulting from hydrolysis of urea, released
from solution by alkalinization with saturated
K2C03, diffused into the excess of standard acid.
The unreacted acid was titrated with standardized
alkali under a constant stream of nitrogen gas,
using 0.1% ethanolic phenol red indicator. From
these results the number of imoles of urea pro-
duced per mg. tissue was calculated. Duplicate
ammonia determinations were performed on sepa-
rate aliquots of each arginase assay mixture, and
the results averaged.
The accuracy of the method was established by
quantitative estimation of known amounts of
standard urea solution ranging from 0.25—1.0 p-
moles, with an error of
Obtained from Microchemical Specialties
Company, Berkeley, California.
The usual controls for enzymatic experiments
were carried out, and included the following:
boiled tissue preparations to detect eadogenous
urea; omission of tissue from the complete reagent
cemplement to detect nonenzymatic hydrolysis
of arginine; omission of urease from the Conway
procedure to detect endogenous ammonia. In addi-
tion, the fluid medium used for dissection of the
hair roots was examined to rule out extraction of
arginase from the tissue into the dissecting me-
dium.
The assays of the various tissues for arginase
were run in duplicate, and repeated at least once
for the time intervals stated. The values reported
herein are an average of at least two separate
duplicate determinations on hairs from the same
individual.
RESULTS
Arginase activity is found only in the root
sheaths of growing hair roots (Table I). No en-
zyme could be demonstrated in the bulbar por-
tion or keratogenous zone of the epilated hairs,
nor in resting hair roots.
No ammonia was detected in any of the con-
trol preparations, indicating that all ammonia
measured was derived from urea resulting from
arginase activity. Absence of arginase from the
dissecting fluid excluded the possibility of extrae-
A
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Whole (growing) hair
rootst .725 2,050
Combined sheathst.... .524 1,450
Internal sheath .750 2,400
Epilated bulbs plus ker-
atogenous zooe 0 0
Resting hair roots 0 0
Epidermis 1.42 3,950
* Two hour ineubatioo with substrate.
t The shaft has been removed down to the dis-
tal end of the keratogenous zone.
t See Figure 2, area B. The "combined sheaths"
reported above do not include that part of the
internal sheath isolated for separate analysis.
tion of the enzyme from the hair roots during
dissection.
Arginase activity, measured at 32, 1, 13-i, 2
and 4 hours, was proportional to both time and
the amounts of tissue utilized. The activity as a
function of time showed a slight departure from
linearity at the longer time intervals. The de-
crease in rate is attributable to inhibition of
arginase by a product of the reaction, ornithine
(20), and possibly to denaturation of the enzyme
because of the long time intervals employed.
Comparison of absolute values of arginase ac-
tivity with those previously reported for epi-
dermis (5—7) reveal marked differences. In the
present experiments incubation for a period
twelve times as long as in the previous experi-
ments was necessary to obtain equivalent
amounts of arginase activity. The major reason
for this difference is that preparation of the pre-
vious tissue included grinding, whereas the pres-
ent tissue was not so treated, suggesting that
differences in substrate diffusion relative to whole
vs. ground tissue markedly affect resultant ac-
tivity.
DISCUSSION
The absence of arginase activity in the bulbar
portion of the epilated hairs indicates that locali-
zation of the enzyme in the hair bulb is not re-
quired for the synthesis of the fibrous protein of
the hair shaft proper. Arginase in the external
sheath would not be unexpected, since this tissue
is directly continuous with epidermis, known to
contain the enzyme. Activity in the internal
sheath, however, is more difficult to explain since
this tissue is derived from the cells of the outer
perimeter of the hair matrix itself.
One postulate, that arginase in epidermal tis-
sues may function as an extra-hcpatic mechan-
ism for synthesis of urea via the Krebs-Hcnselcit
cycle, or a modification thereof, may now be dis-
counted (21). In view of this, it is tempting to
postulate a unique role or arginase in epidcrmal
metabolism.
If the hair shaft and internal sheath are repre-
sentative of two different types of protein, formed
by different mechanisms in distinct cell lines,
while the epidermis produces both types of pro-
tein, though at different times and levels (22),
then the arginase might be concerned with syn-
thesis of only the internal sheath type of pro-
tein; hence its presence in epidermis and internal
sheath, but not in the hair shaft and bulb. This
concept might be further strengthened by the
observation that arginase activity in epidermis
seems to be maximal at the granular layer (6).
The type of protein synthesis in the internal
sheath is associated with formation of trichohya-
line granules, which may be structures compara-
ble to the keratohyaline granules in the epidermis
(22). Hence it might be this type of protein for-
mation with which arginase is associated, rather
than the fibrous protein typical of the hair
shaft and of the epidermis at levels below the
granular layer. However, there is at this time no
data to implicate a specific role of arginase in
protein synthesis.
5UMMAEv
Mierodetermination of arginase in dissected
components of epilated human scalp hair roots
was accomplished. Arginase activity is found in
the sheaths, but not in the bulbar portion of the
epilated roots. Possible explanations of this
localization are discussed.
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